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(57) ABSTRACT

A tape drive for use in for example a transfer printing appa-
ratus to drive a printer ribbon. The printer ribbon is mounted
on two spools each of which is driven by a respective stepper
motor. A controller controls the energization of the motor
such that the ribbon is transported in at least one direction
between spools mounted on the spool support. The controller
is operative to energize both motors to drive the spools of
ribbon in the direction of ribbon transport to achieve push-
pull operations. Ribbon tension is monitored to enable accu-
rate control of ribbon supply and ribbon take-up, the ribbon
tension being monitored, for example, by monitoring power
supply to the two stepper motors.
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1
TAPE DRIVE AND PRINTING APPARATUS

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/668,438 filed Nov. 5, 2013, which is a continuation of
U.S. application Ser. No. 13/362,399 filed Jan. 31, 2012,
issued as U.S. Pat. No. 8,328,441 on Dec. 11, 2012, which is
a continuation of U.S. application Ser. No. 12/880,266 filed
Sep. 13, 2010, issued as U.S. Pat. No. 8,221,009 on Jul. 17,
2012, which is a continuation of U.S. application Ser. No.
12/401,871 filed Mar. 11,2009, issued as U.S. Pat. No. 8,007,
190 on Aug. 30, 2011, which is a continuation of U.S. appli-
cation Ser. No. 11/533,957 filed Sep. 21, 2006, issued as U.S.
Pat. No. 7,682,094 on Mar. 23, 2010, which is a continuation
of U.S. application Ser. No. 10/380,182 filed Mar. 16, 2004,
issued as U.S. Pat. No. 7,150,572 on Dec. 19, 2006, which is
a U.S. national phase of international application PCT/GB01/
03965 which designated the U.S. and was filed Sep. 5, 2001,
and claims benefit of GB 0022206.7 dated Sep. 11, 2000; GB
0028465.3 dated Nov. 22, 2000; GB 0100493.6 dated Jan. 9,
2001, and GB 0111044 .4 dated May 2, 2001, the entire con-
tents of all of these applications are hereby incorporated by
reference.

BACKGROUND

1. Technical Field

This invention generally relates to tape drive and printing
apparatus and to methods of operation for same and to appa-
ratus and methods which may be used in transfer printers, that
is printers which make use of carrier-supported inks.

2. Related Art

In transfer printers, a tape which is normally referred to as
aprinter ribbon and carries ink on one side is presented within
aprinter such that a printhead can contact the other side of the
ribbon to cause the ink to be transferred from the ribbon onto
a target substrate of for example paper or a flexible film. Such
printers are used in many applications. Industrial printing
applications include thermal transfer label printers and ther-
mal transter coders which print directly onto a substrate such
as packaging materials manufactured from flexible film or
card.

Ink ribbon is normally delivered to the end user in the form
of'aroll wound onto a core. The end user pushes the core onto
a tape spool, pulls a free end of the roll to release a length of
ribbon, and then engages the end of the tape with a further
spool. Generally the spools are mounted on a cassette which
can be readily mounted on a printing machine. The printing
machine includes a transport means for driving the two
spools, so as to unwind ribbon from one spool and to take up
ribbon on the other spool. The printing apparatus transports
ribbon between the two spools along a predetermined path
past the printing head.

Known printers of the above type rely upon a wide range of
different approaches to the problem of how to drive the ribbon
spools. Some rely upon stepper motors, others on DC motors
to directly or indirectly drive the spools. Generally the known
arrangements drive only the spool onto which ribbon is taken
up (the take-up spool) and rely upon some form of “slipping
clutch” arrangement on the spool from which ribbon is drawn
(the supply spool) to provide a resistive force so as to ensure
that the ribbon is maintained in tension during the printing
and ribbon winding processes and to prevent ribbon overrun
when the ribbon is brought to rest. It will be appreciated that
maintaining adequate tension is an essential requirement for
proper functioning of the printer.
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As a roll of ribbon is gradually used by the printer, the
initial outside diameter of the supply spool decreases and the
initial outer diameter of the take-up spool increases. In slip-
ping clutch arrangements which offer an essentially constant
resistive torque, the ribbon tension will vary in proportion to
the diameter of the spools. Given that it is desirable to use
large supply spools so as to minimize the number of times that
a ribbon roll has to be replenished, this is a serious problem
particularly in high speed machines where rapid ribbon trans-
port is essential.

Dynamically changing ribbon tension gives rise to
demands for tight tolerances for the torque delivered by the
slipping clutch. Such tolerances are difficult to maintain as
wear in the slipping clutch over time tends to change the
resistive force exerted by the clutch. If the clutch force is too
great the ribbon transport system may have inadequate power
to drive the ribbon throughout the range of spool diameters
from a new supply roll to an empty supply roll. Too little
clutch force and slack in the ribbon could result in overrun of
the supply spool. Given these constraints, typical printer
designs have compromised performance by way of limiting
the rate of acceleration, the rate of deceleration, and the
maximum speed capability of the ribbon transport system.
Overall printer performance has as a result been compro-
mised.

Representative examples of conventional printing appara-
tus are described in U.S. Pat. No. 4,000,804, U.S. Pat. No.
4,294,552, U.S. Pat. No. 4,479,081, U.S. Pat. No. 4,788,558
and British patent 2310405.

The system of U.S. Pat. No. 4,000,804 describes an
arrangement for transferring a ribbon from a supply spool to
a take-up spool which includes a pair of electric motors each
one of which is connected to a corresponding spool shaft. The
motors are direct current (DC) motors. The motor connected
to the take-up spool is supplied by a constant current genera-
tor so as to wind up the ribbon with a substantially constant
torque. The motor connected to the supply spool is supplied
by a constant voltage generator so as to keep the ribbon
tensioned during ribbon transfer. A change-over device alter-
nates the function of the two spools when the ribbon is fully
wound on the take-up spool. With the described arrangement,
no account is taken of the change in diameters of the supply
and take-up spools during ribbon transfer and thus ribbon
tension varies substantially during the course of the full trans-
fer of the ribbon from the supply spool to the take-up spool.

U.S. Pat. No. 4,294,552 discloses a bi-directional ribbon
drive in which two spools are driven by respective stepper
motors. The take-up spool is driven by its stepper motor, but
the supply spool motor is fed a low level “drag” current to
maintain the ribbon in tension. The motors are not actively
controlled to compensate for spool diameter variations.

U.S. Pat. No. 4,479,081 describes an arrangement in which
two stepper motors are provided, one driving the take-up
spool and the other coupled to the supply spool. Feedback
signals provide an indication of the angular velocity of the
supply spool and a function table provides information on the
rate of stepping pulses to be applied to the take-up spool. The
ribbon is driven by the stepper motor driving the take-up
spool, the other motor acting as a feedback transducer to
enable appropriate control of the motor driving the take-up
spool to take account of changing spool diameters while
maintaining a constant ribbon speed. Thus although this
arrangement does avoid the need for example of a capstan
drive interposed between the two spools so as to achieve
reliable ribbon delivery speeds, only one of the motors is
driven to deliver torque to assist ribbon transport. There is no
suggestion that the apparatus can operate in push-pull mode,
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that is the motor driving the take-up spool operating to pull the
ribbon and the motor driving the supply spool operating to
push the associated spool in a direction which assists tape
transport.

U.S. Pat. No. 4,788,558 describes a ribbon drive mecha-
nism in which two DC motors are provided, one driving the
take-up spool and one driving the supply spool. Ribbon is
delivered by a further drive roller driven by a stepper motor.
The supply spool DC motor acts as a brake and does not assist
in tape transport. Thus this is a conventional arrangement in
which a capstan roller is used to control ribbon delivery
speed. With such an arrangement it is a relatively simple
matter as described to provide feedback information concern-
ing the magnitude of the ribbon spools so as to maintain a
desired ribbon tension, but the overall system is complex.

GB 2310405 describes a bi-directional printer ribbon drive
mechanism in which a stepper motor drives a take-up spool.
Accurate control of ribbon delivery is achieved by providing
an idler roller which rotates in contact with the ribbon and
thus enables a direct measurement of ribbon transport speed.
The provision of such an idler roller and associated compo-
nents adds to overall system complexities and cost.

None of the known arrangements is capable of coping well
with the requirements of high speed industrial transfer print-
ing systems. Such systems generally operate in one of two
manners, that is either continuous printing or intermittent
printing. In both modes of operation, the apparatus performs
a regularly repeated series of printing cycles, each cycle
including a printing phase during which ink is being trans-
ferred to a substrate, and a further non-printing phase during
which the apparatus is prepared for the printing phase of the
next cycle.

In continuous printing, during the printing phase a station-
ary print head is brought into contact with a printer ribbon the
other side of which is in contact with a substrate onto which
an image is to be printed. (The term “stationary” is used in the
context of continuous printing to indicate that although the
print head will be moved into and out of contact with the
ribbon, it will not move relative to the ribbon path in the
direction in which ribbon is advanced along that path). Both
the substrate and printer ribbon are transported past the print
head, generally but not necessarily at the same speed. Gener-
ally only relatively small lengths of the substrate which is
transported past the printer head are to be printed upon and
therefore to avoid gross wastage of ribbon it is necessary to
reverse the direction of travel of the ribbon between printing
operations. Thus in a typical printing process in which the
substrate is traveling at a constant velocity, the print head is
extended into contact with the ribbon only when the print
head is adjacent regions of the substrate to be printed. Imme-
diately before extension of the print head, the ribbon must be
accelerated up to for example the speed of travel of the sub-
strate. The ribbon speed must then be maintained at the con-
stant speed of the substrate during the printing phase and,
after the printing phase has been completed, the ribbon must
be decelerated and then driven in the reverse direction so that
the used region of the ribbon is on the upstream side of the
print head. As the next region of the substrate to be printed
approaches, the ribbon must then be accelerated back up to
the normal printing speed and the ribbon must be positioned
so that an unused portion of the ribbon close to the previously
used region of the ribbon is located between the print head
and the substrate when the print head is advanced to the
printing position. Thus very rapid acceleration and decelera-
tion of the ribbon in both directions is required, and the ribbon
drive system must be capable of accurately locating the rib-
bon so as to avoid a printing operation being conducted when
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apreviously used portion of the ribbon is interposed between
the print head and the substrate.

In intermittent printing, a substrate is advanced past a print
head in a stepwise manner such that during the printing phase
of each cycle the substrate and generally but not necessarily
the ribbon are stationary. Relative movement between the
substrate, ribbon and print head are achieved by displacing
the print head relative to the substrate and ribbon. Between
the printing phase of successive cycles, the substrate is
advanced so as to present the next region to be printed beneath
the print head and the ribbon is advanced so that an unused
section of ribbon is located between the print head and the
substrate. Once again rapid and accurate transport of the
ribbon is necessary to ensure that unused ribbon is always
located between the substrate and print head at a time that the
print head is advanced to conduct a printing operation.

The requirements in terms of ribbon acceleration, decel-
eration, speed and positional accuracy of high speed transfer
printers is such that the known drive mechanisms have diffi-
culty delivering acceptable performance with a high degree of
reliability. Similar constraints also apply in applications other
than high speed printers. Accordingly it is an object of the
present exemplary embodiment to provide a tape drive which
can be used to deliver printer ribbon in a manner which is
capable of meeting the requirements of high speed production
lines, although the tape drive of the present invention may of
course be used in other applications where similar high per-
formance requirements are demanded.

BRIEF DESCRIPTION

In an exemplary embodiment, there is provided a tape drive
comprising two motors at least one of which is a stepper
motor, two tape spool supports on which spools of tape may
be mounted, each spool support being drivable by a respective
motor, and a controller for controlling the energization of the
motors such that tape may be transported in at least one
direction between spools mounted on the spool supports,
wherein the controller is operative to energize both motors to
drive the spools of tape in the direction of tape transport.

A tape drive in accordance with an exemplary embodiment
relies upon both the motors which drive the two tape spools to
drive the tape during tape transport. Thus the two motors
operate in push-pull mode. This makes it possible to achieve
very high rates of acceleration and deceleration. Tension in
the tape being transported is determined by control of the
drive motors and therefore is not dependent upon any com-
ponents which have to contact the tape between the take-up
and supply spools. Thus a very simple overall mechanical
assembly can be achieved. Given that both motors contribute
to tape transport, relatively small and therefore inexpensive
and compact motors can be used.

The actual rotational direction of each spool will depend on
the sense in which the tape is wound on each spool. If both
spools are wound in the same sense then both spools will
rotate in the same rotational direction to transport the tape. If
the spools are wound in the opposite sense to one another,
then the spools will rotate in opposite rotational directions to
transport the tape. In any configuration, both spools rotate in
the direction of tape transport.

Preferably the controller is arranged to control the motors
to transport tape in both directions between the spools. The
motors may both be stepper motors and the controller may be
operative to monitor tension in a tape being transported
between spools mounted on the spool support and to control
the motors to maintain the monitored tension between prede-
termined limits. Means are preferably provided to monitor the
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power supply to at least one of the motors and to calculate an
estimate of tape tension from the monitored power. For
example, where two stepper motors are provided, a power
supply may deliver power to a stepper motor drive means
which supplies current sequentially to windings ofthe stepper
motors, the power being monitored by means for monitoring
the magnitude of voltage and/or current supplied to the
motors and/or the motor drive means. It will be appreciated
that dependent upon the load applied to the motors the current
and voltage delivered to the motor windings will both vary,
irrespective of the type and nature of the motor drive means
used. For this reason it is preferred to provide a regulated
power supply which supplies a substantially constant voltage
to the stepper motor drive means and to monitor the magni-
tude of current supplied to the stepper motor drive means
from the power supply.

Preferably each stepper motor is energized by a respective
motor drive circuit, a respective low resistance resistor being
connected in series with each motor drive circuit, and voltage
signals developed across the series resistors being monitored
to monitor the current supplied to the motors. The voltage
signals may be converted to digital signals for supply to a
microcontroller which controls the generation of motor con-
trol pulse trains which are applied to the motor drive circuits.
The current may be monitored over a predetermined period of
time and preferably is monitored only during periods in
which tape transport speed is substantially constant. The pre-
determined period of time may correspond to a predeter-
mined length of tape transport.

Calibration data may be recorded for the or each stepper
motor, the calibration data representing power consumption
for the stepper motor at each of a series of step rates under no
tape load conditions, and a measure of tape tension may be
calculated by reference to a measure of motor step rate, the
calibration data related to the step rate, and the power con-
sumed by the motor.

The outside diameters of the tape spool may be directly
monitored and the tape tension calculated to take into account
the monitored diameters. The outside diameters may be
monitored for each of a plurality of diameters which are
mutually inclined to each other so as to enable the detection of
spool eccentricity and therefore enable an accurate calcula-
tion of the spool circumference.

A measure of tension t may be calculated from measures of
power supplied to the two motors, measures of the spool radii,
calibration factors for the two motors related to the step rate of
the motors. A calibration scaling factor may also be used to
translate the calculated tension into a more interpretable
value. Preferably the controller implements a control algo-
rithm to calculate a length of tape to be added to or subtracted
from the tape extending between the spools in order to main-
tain the value t between predetermined limits and to control
the stepper motors to add or subtract the calculated length of
tape to the tape extending between the spools. Alternatively, a
measure of the difference between the current supplied to the
two motors may be derived and stepping of the motors may be
controlled dependent upon the difference measure. It will be
appreciated that the difference measure could simply be the
result of subtracting one current from the other or could relate
to the ratio of the two measured currents. Motor speed may be
maintained constant during a period in which the difference
measure is within each of a series of tolerance bands defined
between upper and lower limits, and the tolerance bands may
be adjusted in dependence upon the ratio of the outside diam-
eters of the spools. The controlling means may implement a
control algorithm to calculate a length of tape to be added to
or subtracted from the tape extending between the spools in
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order to maintain the difference measure between the upper
and lower limit and to control the stepper motors to add or
subtract the calculated length of tape to the tape extending
between the spools.

A value corresponding to tape width may be input and the
predetermined limit adjusted to take account of that tape
width. For example, the control algorithm may comprise gain
constants, and the gain constants may be adjusted to take
account of tape width. The control algorithm may operate
cyclically such that during one cycle the length of tape to be
added or subtracted is calculated and during a subsequent
cycle the motors are controlled to adjust the amount of tape
between the spools. This approach is adopted because, as it
will be appreciated that although the length of tape between
the spools is to a first approximation independent of tension,
stretching of the tape will mean that if tape is added to the
length of tape extending between the spools this will be taken
up by a reduction in stretch until the tension becomes zero. It
will be further appreciated that for a given tension, a narrower
tape will stretch more than a wider tape, therefore a change in
tension, caused by the addition or subtraction of tape between
the spools, will be less for a narrower tape than for a wider
tape.

Tension monitoring makes it possible to generate a fault-
indicating output if the measure of tension falls below a
minimum acceptable limit to indicate for example a tape
breakage.

Spool diameters may be monitored using an optical sens-
ing system including at least one light emitter and at least one
light detector arranged such that an optical path is established
there between, a transport mechanism supporting at least one
part of the optical sensing system and drivable so as to cause
the optical path to sweep across a space within which spools
to be measured will be located, and a controller operative to
control the transport mechanism, to detect positions of the
transport mechanism in which the output of the detector
changes to indicate a transition between two conditions in one
of which the optical path is obstructed by a spool and in the
other of which the optical path is not obstructed by that spool,
and to calculate the spool diameters from the detected posi-
tions of the transport mechanism in which the detector output
changes.

One of the emitter and detector may be mounted on the
transport mechanism, the other being fixed in position relative
to the spools of tape, or alternatively both the emitter and
detector may be mounted on the transport mechanism, the
optical path between the emitter and detector being estab-
lished by a mirror located at the side of the spools remote from
the transport mechanism and arranged to reflect light from the
emitter back to the detector. Spool diameters may be mea-
sured with the spools in a first position, the spools may then be
rotated so that one spool rotates by for example 30°, the
diameters may be measured again, and so on. This makes it
possible to accurately assess spool eccentricity and outer
circumference.

An exemplary embodiment has particular applicability
where the transport mechanism is a print head transport
mechanism of a transfer ribbon printer. The ratio of spools in
such a machine can be calculated on the basis of the output of
the diameter measuring means. The ratio calculating means
may comprise means enabling a first stepper motor driving a
take-up spool and disabling a second stepper motor driving a
supply spool such that the second stepper motor acts as a
generator, means for generating pulses from the second step-
per motor, the pulse rate being proportional to motor speed,
means for detecting the generated pulses to produce a mea-
sure of the rotation of the second stepper motor, means for
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monitoring stepping of the first stepper motor to produce a
measure of the rotation of the first stepper motor, and means
for comparing the measures of the rotations of the motors to
calculate the ratio of the outside diameters of the spools.

After a number of operating cycles of the tape drive, in
which tape is transported between the spools, an updated
diameter for at least one of the spools may be calculated from
a ratio between the spool diameters as initially monitored, a
current ratio between the spool diameters, and the diameter of
at least one spool as initially monitored.

Where the tape drive in accordance with an exemplary
embodiment is incorporated in a transfer printer for transfer-
ring ink from a printer ribbon to a substrate which is trans-
ported along a predetermined path adjacent to the printer, the
tape drive acting as a printer ribbon drive mechanism for
transporting ribbon between first and second ribbon spools,
the printer may further comprise a print head arranged to
contact one side of the ribbon to press an opposite side of the
ribbon into contact with a substrate on the predetermined
path, a print head drive mechanism for transporting the print
head along a track extending generally parallel to the prede-
termined substrate transport path and for displacing the print
head into and out of contact with the ribbon, and a controller
controlling the printer ribbon and print head drive mecha-
nisms, the controller being selectively programmable either
to cause the ribbon to be transported relative to the predeter-
mined substrate transport path with the print head stationary
and displaced into contact with the ribbon during printing, or
to cause the print head to be transported relative to the ribbon
and the predetermined substrate transport path and to be
displaced into contact with the ribbon during printing.

The drive mechanism may be bidirectional such that ribbon
may be transported from the first spool to the second spool
and from the second spool to the first.

Where the print head is mounted on a print head carriage
that is displaceable along the track, first and second carriages
may be provided which are interchangeable and shaped such
that with one carriage in position on the track the print head is
disposed so as to enable printing on a substrate traveling in
one direction along the substrate transport path and with the
other carriage in position on the track the print head is dis-
posed so as to enable printing on a substrate traveling in the
other direction along the substrate path.

The tape drive may be incorporated in a printing apparatus
comprising a housing, a print head mounted on a print head
support assembly which is displaceable relative to the hous-
ing in a direction parallel to a print ribbon path along which a
ribbon is driven by the tape drive, a first drive mechanism for
displacing the print head support relative to the housing, a
roller which in use supports a substrate to be printed on the
side of the ribbon path remote from the print head, a second
drive mechanism for displacing the print head relative to the
print head support assembly to a printing position in which a
portion of the print head bears against the roller or any sub-
strate or ribbon interposed between the print head and roller,
and a controller for adjusting the first drive mechanism to
adjust the angular position of the print head relative to the
rotation axis of the roller.

Preferably the print head is mounted on a print head sup-
port assembly which is displaceable relative to the housing in
adirection parallel to a print ribbon path along which a ribbon
is driven by the tape drive, a first drive mechanism for dis-
placing the print head support relative to the housing, a peel
off roller mounted on the print head support assembly and
displaceable with the print head in the said parallel direction,
and a second drive mechanism for displacing the print head
relative to the print head support assembly and peel off roller
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between a ready to print position adjacent the print ribbon
path and a printing position in which the print head would
contact a print ribbon on the path, wherein a cam mechanism
is provided which is engaged as a result of displacement of the
print head support assembly to a predetermined position and
when engaged causes retraction of the print head away from
the ready to print position to a position spaced from the
peel-off roller and the print ribbon path.

The cam mechanism may comprise a plate mounted in the
housing and defining a slot, and a pin extending from a pivotal
member mounted on the print head support assembly,
engagement of the pin in the slot as a result of displacement of
the print head support assembly to the predetermined position
causing the pivotal member to rotate from a first position in
which it supports the print head to a second position in which
the print head is free to move to the position spaced from the
peel-off roller and the print ribbon path.

The pivotal member may be mounted on a displaceable
member mounted on the print head support assembly, dis-
placement of the displaceable member from a retracted to an
extended position when the pivotal member is in the first
position causing the print head to move from the ready to print
position from the printing position.

The printing apparatus may further comprise means for
applying the print head to a ribbon supported in the drive
mechanism, the print head comprising an array of printing
elements each of which may be selectively energized to
release ink from a portion of ribbon contacted by that ele-
ment, and a controller for controlling energization of the
printing elements and the advance of the ribbon so as to
perform a series of printing cycles each of which includes a
printing phase during which relative movement between the
print head and ribbon results in the print head traversing a
predetermined length of ribbon and a non-printing phase
during which the ribbon is advanced a predetermined distance
relative to the print head, wherein the controller is arranged
selectively to energize different groups of printing elements
during successive printing cycles, the groups of elements
being distributed on the print head such that different groups
contact different portions of the ribbon, and the controller is
arranged to advance the ribbon such that the said predeter-
mined distance of ribbon advance is less than the said prede-
termined length of ribbon, the groups of printing elements
being energized such that that ribbon is advanced by at least
said predetermined length of ribbon in the interval between
any two printing phases in which the same group of printing
elements are energized. Two groups of printing elements may
be provided such that the distance of ribbon advance may be
as little as half the predetermined length of ribbon.

Given the fundamental differences between continuous
and intermittent printing systems as described above, it has
been industry practice to provide printing apparatus which is
capable either of use in a continuous printing application or
for use in an intermittent printing application but not to pro-
vide a printer with the versatility to perform both functions.
The fundamental difference between the two types of printing
apparatus required for these two applications is that in one
(continuous printing) the print head is stationary (using that
term in the manner discussed above) whereas in the other
(intermittent) the printing head must be displaceable. As a
result, when a particular production line is converted from for
example an intermittent printing application to a continuous
printing application it is necessary to replace all of the print-
ing equipment. This represents a considerable cost to users of
such equipment.

It is an object of an exemplary embodiment to obviate or
mitigate the problems outlined above.
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According to a second aspect of an exemplary embodi-
ment, there is provided a transfer printer for transferring ink
from a printer ribbon to a substrate which is transported along
a predetermined path adjacent the printer, comprising a
printer ribbon drive mechanism for transporting ribbon
between first and second ribbon spools, a print head arranged
to contact one side of the ribbon to press an opposite side of
the ribbon into contact with a substrate on the predetermined
path, a print head drive mechanism for transporting the print
head along a track extending generally parallel to the prede-
termined substrate transport path and for displacing the print
head into and out of contact with the ribbon, and a controller
controlling the printer ribbon and print head drive mecha-
nisms, the controller being selectively programmable either
to cause the ribbon to be transported relative to the predeter-
mined substrate transport path with the print head stationary
and displaced into contact with the ribbon during printing, or
to cause the print head to be transported relative to the ribbon
and the predetermined substrate transport path and to be
displaced into contact with the ribbon during printing.

Thus the second aspect of this exemplary embodiment
provides a printing apparatus with sufficient versatility to be
able to be used in both continuous and intermittent applica-
tions.

The transfer printer of the second aspect of the exemplary
embodiment as defined above may be used in conjunction
with any or all of the features of the first aspect of the exem-
plary embodiment as discussed above. In particular, the drive
mechanism may be bidirectional, the drive mechanism may
comprise two stepper motors each driving a respective one of
the first and second ribbon spools in the direction of tape
transport, ribbon tension may be monitored and the stepper
motors controlled to maintain the monitored tension within
predetermined limits, the print head drive mechanism may
comprise a further stepper motor coupled to the print head,
and the print head may be mounted on a carriage that is
displaceable along a track. In addition, first and second car-
riages which are interchangeable may be provided to enable
printing on a substrate traveling in either direction along the
substrate transport path and a peel oft roller mounted adjacent
the print head may be reversible in position relative to the
print head.

As outlined above, in tape drives which are used to transfer
tape such as a printer ribbon between two spools, the diam-
eters of the spools chance during the course of tape transfer
from one spool to the other. This dramatically affects the
relative speeds of the two spools which must be maintained if
the tape is to remain in tension. Various attempts have been
made to account for this effect, and notably the approach
adopted in U.S. Pat. No. 4,479,081. None of the known
approaches however is satisfactory in delivering a reliable
accurate measurement of spool diameters to thereby enable
an accurate and appropriate control of drive motor speeds in
an arrangement in which the two motors are operating in
push-pull mode. Whereas some of the known systems can
cope with tape drives in which the initial conditions are
always the same (for example a fresh supply spool of known
outside diameter is connected to an empty take-up spool), in
many applications it is quite often the case that an operator
will fit to a machine a tape which has been partially used such
that the supply spool which initially was of known outside
diameter has partly been transferred to the take-up spool.

It is an object of an exemplary embodiment to obviate or
mitigate the problems outlined above.

According to a third aspect of an exemplary embodiment,
there is provided an apparatus for measuring the diameters of
two spools of tape mounted an a tape drive mechanism which
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is drivable to transport tape between the spools, comprising
an optical sensing system including at least one light emitter
and at least one light detector arranged such that an optical
path is established there between, a transport mechanism
supporting at least part of the optical sensing system and
drivable so as to cause the optical path to sweep across a space
within which spools to be measured will be located, and a
controller operative to control the transport mechanism, to
detect positions of the transport mechanism in which the
output of the detector changes to indicate a transition between
two conditions in one of which the optical path is obstructed
by a spool and in the other of which the optical path is not
obstructed by that spool, and to calculate the spool diameters
from the detected positions of the transport mechanism in
which the detector output changes.

This third aspect of an exemplary embodiment makes it
possible to accurately determine spool sizes. In an apparatus
such as a transfer printer with a displaceable print head the
displaceable component can be readily mounted on the dis-
placeable print head so as to require no additional electrome-
chanical components over and above those necessary for the
normal functioning of the apparatus.

The apparatus of the third aspect of the exemplary embodi-
ment as defined above may be used in conjunction with any of
the features of the first and second aspects of the exemplary
embodiment as defined above.

Print heads used in for example transfer printers must be
accurately positioned relative to a platen which supports a
substrate to be printed if good quality print is to be produced,
particularly at high printing speeds. An angular displacement
of only a few degrees can radically affect print quality. The
traditional approach to dealing with this problem is to posi-
tion a print head on an appropriate support assembly in a
nominally correct position, to then run a test print to see what
quality results, and to then mechanically adjust the position of
the print head so as to optimize print quality. This involves an
installer making very small mechanical adjustments using for
example spacers. This can be a time consuming process.

It is an object of an exemplary embodiment to obviate or
mitigate the problems outlined immediately above.

According to a fourth aspect of an exemplary embodiment,
there is provided a printing apparatus comprising a housing,
a print head mounted on a print head support assembly which
is displaceable relative to the housing in a direction parallel to
a print ribbon path, a first drive mechanism for displacing the
print head support relative to the housing, a roller which in use
supports a substrate to be printed on the side of the ribbon path
remote from the print head, a second drive mechanism for
displacing the print head relative to the print head support
assembly to a printing position in which a portion of the print
head bears against the roller or any substrate or ribbon inter-
posed between the print head and roller, and a controller for
adjusting the first drive mechanism to adjust the angular posi-
tion of the print head relative to the rotation axis of the roller.

Preferably, the portion of the print head that bears against
the roller or any substrate or ribbon interposed between the
print head and roller, is the portion of the print head that
contains selectively energizeable printing elements. The ele-
ments may be linearly arranged along the portion of the print
head, for example the linear array of elements may be
arranged along an edge, or parallel in close proximity to an
edge of the print head.

In operation, an installer could initially position a print
head so that it would assume a nominal position which would
be expected to produce good quality print. A test print run
would then be used to assess print quality, the print head
support would then be displaced relative to the housing, and a
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fresh print run would be conducted, the process being
repeated until the resultant print quality was optimized. There
is thus no requirement for the installer to make small
mechanical adjustments to the position of the printhead on its
support.

The printing apparatus in accordance with the fourth aspect
of the exemplary embodiment may be used in conjunction
with any of the features of the first, second and third aspects
of the exemplary embodiment as defined above.

In many tape drive mechanisms and particularly in ribbon
printing machines, loading a fresh print ribbon can be a dif-
ficult process as the print ribbon has to be correctly positioned
along a non-linear path. Often replacement print ribbons are
mounted in a cassette which is designed to be readily mounted
in a predetermined orientation on an associated printing appa-
ratus. In such arrangement it is generally necessary to posi-
tion a length of ribbon extending between support on the
cassette between a print head and a peel off roller. This is
difficult to achieve unless the print head and peel off roller can
be moved apart to provide a wide enough track into which the
ribbon can be inserted.

It is known to provide an arrangement in which either the
print head or the peel off roller can be displaced by a lever
mechanism which is actuated when a cassette is mounted on
a printing apparatus. For example if the cassette is held in
position by a mechanical latch, release of the latch will move
the print head and peel off roller apart whereas engagement of
the latch moves them together to a ready-to-print position.

Such arrangements are satisfactory in terms of perfor-
mance but disadvantageous as valuable space is occupied by
the lever mechanisms, thereby reducing the space available
for taking large diameter spools of tape.

It is an object of an exemplary embodiment to obviate or
mitigate the problems outlined above.

According to a fifth aspect of an exemplary embodiment,
there is provided a printing apparatus comprising a housing,
a print head mounted on a print head support assembly which
is displaceable relative to the housing in a direction parallel to
a print ribbon path, a first drive mechanism for displacing the
print head support relative to the housing, a peel off roller
mounted on the print head support assembly and displaceable
with the print head in the said parallel direction, and a second
drive mechanism for displacing the print head relative to the
print head support assembly and peel off roller between a
ready to print position adjacent the print ribbon path and a
printing position in which the print head would contact a print
ribbon on the path, wherein a cam mechanism is provided
which is engaged as a result of displacement of the print head
support assembly to a predetermined position and when
engaged causes retraction of the print head away from the
ready to print position to a position spaced from the peel-off
roller and the print ribbon path.

In an arrangement in accordance with the fifth aspect of an
exemplary embodiment, when a cassette carrying a print rib-
bon is to be replaced, an electronic signal can be generated to
cause transport of the print support assembly to a predeter-
mined position (a “docked” position). This automatically
retracts the print head away from the peel-off roller, enabling
the easy insertion of a tape between the print head and peel-
off roller.

The printing apparatus according to the fifth aspect of the
exemplary embodiment may be used in conjunction with any
of' the features of the first, second, third and fourth aspects of
the exemplary embodiment as defined above.

Another problem encountered with printing machines is
that of achieving sufficient tape transport speeds in the inter-
val between printing phases of successive printing cycles. In
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some instances the time taken to transport a printing ribbon by
a distance equal to the length of ribbon traversed by the
printing head during one printing cycle is a limiting factor in
overall machine speed. It would be advantageous to be able to
reduce the distance that a ribbon is advanced between any two
successive printing cycles.

According to a sixth aspect of an exemplary embodiment,
there is provided a printing apparatus comprising a print head,
a printing ribbon drive mechanism for advancing a printing
ribbon between the print head and a path along which in use
a substrate to be printed is advanced, means for applying the
print head to a ribbon supported in the drive mechanism, the
print head comprising an array of printing elements each of
which may be selectively energized to release ink from a
portion of ribbon contacted by that element, and a controller
for controlling energization of the printing elements and the
advance of the ribbon so as to perform a series of printing
cycles each of which includes a printing phase during which
relative movement between the print head and ribbon results
in the print head reversing a predetermined length of ribbon
and a non-printing phase during which the ribbon is advanced
apredetermined distance relative to the print head, herein the
controller is arranged selectively to energize different groups
of printing elements during successive printing cycles, the
groups of elements being distributed on the print head such
that different groups contact different portions of the ribbon,
and the controller is arranged to advance the ribbon such that
the said predetermined distance of ribbon advance is less than
the said predetermined length of ribbon, the groups of print-
ing elements being energized such that the ribbon is advanced
by at least said predetermined length of ribbon in the interval
between any two printing phases in which the same group of
printing elements are energized.

If the printing elements are arranged in two groups, for
example alternate pixels distributed across a linear printing
head, an image may be printed in one printing cycle using one
group, the ribbon may be advanced by half the length of
ribbon traversed by the printer during the first cycle, a second
image may be printed using the other group during a second
cycle, the ribbon may again be advanced by half the traverse
distance of the printing head, and then the first group may be
energized during a third printing cycle and so on. Thus the
maximum tape travel between successive printing cycles can
be half that which must be accommodated in conventional
printing systems.

The printing apparatus according to the sixth aspect of the
exemplary embodiment may be used in conjunction with any
of the features of the first, second, third, fourth and fifth
aspects of the exemplary embodiment as defined above.

It will of course be appreciated that if the printing elements
were divided into three groups, tape advance between suc-
cessive cycles could be limited to one third of the length of
ribbon traversed by the print head in one cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment will now be described, by way
of'example, with reference to the accompanying drawings, in
which:

FIG. 1 is a schematic illustration of a printer ribbon drive
system in accordance with the exemplary embodiment;

FIG. 1a is an illustration of a modification to the drive
system of FIG. 1;

FIG. 2 is a perspective view of a printer drive assembly of
a ribbon drive system as described with reference to FIG. 1;

FIG. 3 is a schematic perspective view of a printer ribbon
cassette which may be mounted on the assembly of FIG. 2;
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FIGS. 4 to 9 are further illustrations of the drive assembly
of FIG. 2;

FIG. 10 is a perspective view of a print head support car-
riage incorporated in the drive assembly of FIG. 2;

FIG. 11 is a perspective view of an alternative print head
support carriage to that shown in FIG. 10 which may be used
to reverse the positions of components of the drive assembly
of FIG. 2;

FIG. 12 is a view of the drive assembly after conversion
using the alternative print head support of FIG. 11;

FIGS. 13 to 16 illustrate the use of interleaved printing
using the drive assembly of FIG. 2;

FIG. 17 schematically illustrates the operation of an optical
printer ribbon spool diameter measuring system;

FIG. 18 is a schematic illustration of a circuit for monitor-
ing the power consumed by stepper motors incorporated in
the drive assembly of FIG. 2;

FIG. 19 is a schematic illustration of a circuit for monitor-
ing the charging ratio between the diameters of ribbon spools
mounted on the drive assembly of FIG. 2;

FIG. 20 illustrates an alternative approach to monitoring
ribbon spool diameters;

FIG. 21 illustrates the adjustment of print head angle in
accordance with the exemplary embodiment; and

FIG. 22 illustrates the use of an apparatus in accordance
with the exemplary embodiment to produce images while
relying upon only limited printer ribbon advance.

DETAILED DESCRIPTION

Referring to FIG. 1, the schematically illustrated printer in
accordance with an exemplary embodiment has a housing
represented by broken line 1 supporting a first shaft 2 and a
second shaft 3. A displaceable print head 4 (PR Head) is also
mounted on the housing, the print head being displaceable
along a linear track as indicated by arrows 5. A printer ribbon
6 extends from a spool 7 received on a mandrel 8 which is
driven by the shaft 2 around rollers 9 and 10 to a second spool
11 supported on a mandrel 12 which is driven by the shaft 3.
The path followed by the ribbon 6 between the rollers 9 and 10
passes in front of the print head 4. A substrate 13 upon which
print is to be deposited follows a parallel path to the ribbon 6
between rollers 9 and 10, the ribbon 6 being interposed
between the print head 4 and the substrate 13.

The shaft 2 is driven by a stepper motor 14 (SM) and the
shaft 3 is driven by a stepper motor 15 (SM). A further stepper
motor 16 (SM) controls the position on its linear track of the
print head 4. A controller 17 (Contr) controls each of the three
stepper motors 14, 15 and 16 as described in greater detail
below, the stepper motors being capable of driving the print
ribbon 6 in both directions as indicated by arrow 18.

In the configuration illustrated in FIG. 1, the spools 7 and
11 are wound in the same sense as one another and thus rotate
in the same rotational direction to transport the tape. FIG. 1a
illustrates a modification of the drive system of FIG. 1 in
which the spools are wound in the opposite sense to one
another and must rotate in opposite directions to transport the
tape. Thus the first spool 7 rotates clockwise while the second
spool 11 rotates anticlockwise to transport the printer ribbon
6 from the first spool 7 to the second spool 11.

As described in greater detail below, the printer schemati-
cally illustrated in FIG. 1 can be used for both continuous and
intermittent printing applications. In continuous applications,
the substrate 13 will be moving continuously. During a print-
ing cycle, the print head will be stationary but the ribbon will
move so as to present fresh ribbon to the print head as the
cycle progresses. In contrast, in intermittent applications, the
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substrate is stationary during each printing cycle, the neces-
sary relative movement between the substrate and the print
head being achieved by moving the print head during the
printing cycle. The ribbon generally will be stationary during
the printing cycle. In both applications, it is necessary to be
able to rapidly advance and return the ribbon 6 between
printing cycles so as to present fresh ribbon to the print head
and to minimize ribbon wastage. Given the speed at which
printing machines operate, and that fresh ribbon should be
present between the print head and substrate during any print-
ing cycle, it is necessary to be able to accelerate the ribbon 6
in both directions at a high rate and to accurately position the
ribbon relative to the print head. In the arrangement shown in
FIG. 1 itis assumed that the substrate 13 will move only to the
right as indicated by arrow 19 but as described below the
apparatus can be readily adapted to print on a substrate trav-
eling to the left in FIG. 1.

Referring to FIGS. 2, 3 and 4, electromechanical compo-
nents making up the printer shown in outline with reference to
the schematic illustration of FIG. 1 will now be described.
The printer housing 1 comprises a casing 20 in which various
electronic components to be described below are housed
behind a cover plate 21. The shafts 2 and 3 project through
apertures in the cover plate 21, guide pins 9a and 10a project
from the cover plate 21, and the print head 4 is mounted above
the cover plate 21. The print head 4 is part of an assembly
which is displaceable along a linear track 22 which is fixed in
position relative to the cover plate 21. The stepper motor 16
which controls the position of the print head assembly is
located behind the cover plate 21 but drives a pulley wheel 23
that in turn drives a belt 24 extending around a further pulley
wheel 25, the belt being secured to the print head assembly.
Thus rotation of the pulley wheel 23 in the clockwise direc-
tion in FIG. 4 drives the print head assembly to the left in FIG.
4 whereas rotation of the pulley wheel 23 in the anticlockwise
direction in FIG. 4 drives the print head assembly to the right
in FIG. 4. The pulley wheels 23 and 25 and the linear track 22
are mounted on a rigid bracket 26 which extends upwardly
from the cover plate 21. FIG. 2 shows drive discs mounted on
the shafts 2 and 3, the drive discs defining diametrically
spaced sockets intended to engage ribbon spools 7 and 11,
whereas in FIG. 4 the drive discs have been removed to show
the upper surfaces of the stepper motors 14 and 15.

Referring to FIG. 3, this illustrates a printer ribbon sup-
ported on a cassette which may be mounted on the printer of
FIG. 2. Hollow roller supports 95 and 1056 are intended to
receive the pins 9a and 10a respectively shown in FIG. 2, such
that the combination of pin 9a and hollow roller 95 together
constitute the roller 9 of FIG. 1 and such that the pin 10 and
hollow roller 105 together constitute the roller 10 of FIG. 1.
The spools 7 and 11 are supported on the mandrels 8 and 12
which are a push fit on rotatable shafts mounted on a common
cover plate with the hollow rollers 95 and 106. The rotatable
shafts define pins which engage with the sockets defined on
the drive discs driven by the shafts 2, 3. Thus, with the cassette
in place, the ribbon can be transferred between the two spools
7 and 11.

The housing cover plate 21 (FIG. 2) also supports an
upstanding rear bracket 27 on which a pair of emitters 28, 29
are supported. These two emitters operate in cooperation with
a receiver which is displaceable with the print head assembly
as described in greater detail below.

The print head assembly 4 is shown in a “docked” position
in FIGS. 2 and 4 and in a position in FIG. 5 in which it is
ready-to-print on a roller platen 30 (assuming operation in a
continuous mode with a continuously moving substrate), and
in a ready to print position in FIG. 6 in which the print head is
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ready to print on a substrate which is stationary and posi-
tioned in front of a stationary flat platen 31. In the position
shown in FIGS. 2 and 4, an edge 32 of the print head 4 is
retracted behind the ribbon path between rollers 9 and 10
whereas a peel-off roller 33 is positioned on the opposite side
of'the ribbon path from the print head 4. This makes it an easy
matter to install a fresh cassette of ribbon. In contrast, in the
ready-to-print positions shown in FIGS. 5 and 6, the print
head 4 has been advanced so that the edge 32 projects just
beyond the outer extremity of the roller 33. Thus in the ready-
to-print position the print ribbon passes around the edge 32
and is deflected away from the underlying substrate by the
peel-off roller 33.

The edge 32 of the print head 4 (which is of conventional
form) supports an array of heating elements each of which is
selectively energizeable. When the ribbon 6 is sandwiched
between the head 4 and a substrate 13, ink adjacent any
energized heating element is melted and transferred to the
substrate. Thus by appropriate control of the heating ele-
ments, small portions of ink carried by the ribbon 6 can be
transferred to the substrate 13. Each of these portions of ink
can be considered as defining one pixel of the image to be
printed.

Referring now to all of FIGS. 2 to 9, the detailed structure
of the print head assembly and the slider upon which it is
mounted will be described. FIG. 9 shows the print head
assembly pulled forward to an adjustment position revealing
associated components of the assembly. FIG. 9 is the best
view of a slot 34 formed in the upstanding bracket 26 on
which the linear track 22 is mounted. A slider 35 supporting
a print head carriage 36 is mounted on the linear track 22
(FIG. 2). The slider 35 and track 22 are high-accuracy prod-
ucts to provide smooth, low friction, parallel movement of the
print head carriage 36 relative to the bracket 26. An optical
detector 37 is mounted on the print head carriage 36 so as to
be in register with the slot 34 formed in the bracket 26. The
detector 37 is used as described below to detect light emitted
from the emitters 28 and 29, the slot 34 ensuring that the only
obstruction between the detector 37 and the emitters 28 and
29 will be any spools of ribbon mounted on the printer in a
cassette such as that illustrated in FIG. 3. The cassette is
secured against displacement relative to the components
illustrated in FIG. 3 by a permanent magnet (not shown)
incorporated in the cassette body and cooperating with a
circular steel keeper 38 mounted on top of the bracket 26
(FIG. 4). Alternative arrangements for securing the cassette in
position are of course possible, for example mechanical latch
assemblies.

The print head carriage 36 supports the print head assem-
bly which comprises the print head 4 which is bolted to a
pivotal plate 39 that is mounted to pivot about pivot pin 40 that
in turn is mounted on a plate 41 bolted to the print head
carriage 36. A spring 42 biases the plate 39 towards the plate
41 so that in the absence of any obstruction the print head 4
will assume the position relative to the print head carriage 36
as shown in FIG. 4. The peel off roller 33 is fixed in position
on an arm 43 which is bolted to the print head carriage 36.

A pneumatic drive unit 44 is a sliding fit within a slot
provided in the print head carriage 36 and drives a piston 45
which is shown in the extended position in FIG. 8 and the
retracted position in FIG. 7. The pneumatic drive 44 is con-
nected to a flexible pneumatic supply line (not shown) con-
nected to an air inlet 46 (FIG. 2). The inlet 46 is connected to
a tube 47 which extends through an opening in the print head
carriage 36 so as to communicate with the pneumatic drive
unit 44. The pneumatic drive unit piston 45 bears against a
U-shaped member 48 which is coupled by pivot pin 49 to a

10

15

20

25

30

35

40

45

50

55

60

65

16

U-shaped bracket 50. The bracket 50 supports a pin 51 (FIG.
9) which is intended to engage in a slot 52 in a cam plate 53.
The bracket 50 defines a curved comer 54 which is intended
to engage against curved surface 55 defined in plate 39 as
shown in FIGS. 7 and 8. If however the pin 51 is received in
and pushed to the blind end of the slot 52, the bracket 50 is
pushed away from the print head 4, enabling the plate 39 to
swing towards the plate 41 so that the print head 4 assumes the
docked position shown in FIGS. 2 and 4.

The bracket 50 is spring biased by a spring (not shown)
coupled to a lever 50a (see FIG. 7) so as normally to assume
the position shown in FIG. 7. If pressurized air is then sup-
plied to the pneumatic drive 44, the assembly assumes the
position shown in FIG. 8 in which it will be seen that the
printing edge 32 of the print head 4 has been pushed well
beyond the peel-off roller 33. If with the pneumatic drive unit
44 de-energized and therefore the U-shaped member 48 in the
position shown in FIG. 7 the carriage is moved so that the pin
51 enters the slot 52, further movement of the carriage in the
same direction will cause the pin 51 to move into the blind end
of the slot, thereby causing the bracket 50 to turn about the
pivot pin 49 so as no longer to obstruct movement of the print
head 4 to the docked position. If movement of the carriage is
then reversed, the pin 51 causes the bracket 50 to swing out
again, pushing the print head 4 to the position shown in FIG.
7. The position shown in FIG. 7 corresponds to “ready to
print” and the position shown in FIG. 8 corresponds to “print-
ing”.

FIG. 10 is a perspective view of the print head carriage 36
showing the socket which in the assembled apparatus
receives the pneumatic drive unit 44. An opening 56 is pro-
vided to receive the air inlet tube 47 (see FIG. 7). A tongue 57
projects from the lower edge of the print head carriage 36 and
is used in a manner not shown to attach the print head carriage
to the belt 24.

In the exemplary embodiment as illustrated in FIGS. 1 to
10, it is intended that a substrate to be printed travels past the
print head in the left to right direction with respect to FIG. 5
or the print head when printing travels in the right to left
direction with respect to the platen 31 in FIG. 6. The peel-off
roller 33 is in all instances positioned on the downstream side
of the printing edge 32. There are many circumstances how-
ever where such an arrangement is not convenient and it
would be desirable to reverse the arrangement so that the
relative positions of the edge 32 and the peel off roller 33 are
reversed and the disposition of the print head 4 is also
reversed. This can readily be achieved with the illustrated
apparatus by replacing the print head carriage 36 shown in
FIG. 10 with the print head carriage 58 shown in FIG. 11. FIG.
12 illustrates the resultant assembly. It will be noted that the
print head carriage 58 of FIG. 11 also defines a socket 59 for
receiving the pneumatic drive unit 44 and an opening 60 for
receiving the air inlet tube 47. It will also be noted that the
print head carriage 58 of FIG. 11 is a mirror image about a
vertical plane of the print head carriage 36 of FIG. 10.

Referring to FIG. 12, it will be seen that in addition to
reversing the position of the print head 4 and the peel oft roller
33, the cam plate 53 has also been rotated through 180° and
fitted on the opposite side of the magnet 38 (circular steel
keeper) to its position in the embodiment of FIGS. 1 to 10.
The arm 43 on which the peel off roller 33 is mounted has also
been moved so as to continue to be located adjacent the cover
plate 21.

The described printer arrangement provides a number of
very significant advantages. Firstly, it is possible to use the
same apparatus for both continuous and intermittent printing.
Conversion of a production line from one form of printing to
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another does not therefore mean that new printers must be
purchased. Secondly, by making relatively minor modifica-
tions involving only one additional component (the alterna-
tive print head carriages of FIGS. 10 and 11) the same appa-
ratus can be used for both left hand and right hand
applications, using these terms in the sense of FIG. 2 or FIG.
4 (lefthand) and FIG. 12 (right hand). Thirdly, ribbon replace-
ment is simple matter given that when in the docked position
the print head 4 is automatically pulled back away from the
peel-off roller 33 so as to provide a wide track into which a
replacement printer ribbon carried on a cassette can be
inserted.

Referring to FIGS. 13, 14, 15 and 16, different methods of
making efficient use of the printer ribbon using the apparatus
described in FIGS. 1 to 12 will be described. All of these
methods rely upon the high accuracy within which ribbon can
be delivered to the print head so as to minimize ribbon wast-
age.
Referring to FI1G. 13, this is a view of a ribbon the length of
which is indicated by arrow 61 and with which six individual
printing operations have been performed using overlapping
regions of the ribbon. These six regions are indicated as
regions 62 to 67, the second half of region 62 overlapping
with the first half of region 63, the second half of region 63
overlapping with the first half of region 64 and so on. Assum-
ing printing on a substrate, the region 62 is printed, the ribbon
is then advanced by half the length of the regions, the region
63 is printed, the ribbon is then again advanced by half the
length of the regions, the region 64 is then printed and so on.

Such overlapping printed regions could be used in both
continuous and intermittent printing processes. In the
described arrangement, adjacent regions overlap by half the
width of each region, but different proportions of overlap
could be envisaged. Given that adjacent printing regions over-
lap, it is important that a region of the ribbon which is over-
lapped by two adjacent printing regions is used in a manner
which ensures that printing progresses only on the basis of
using portions of the ribbon which are used in only one of the
two overlapping regions. This can be achieved for example by
selecting only alternate portions of the ribbon within any one
printing region. For example, as illustrated in FIG. 14, if
adjacent heating (pixel) elements on the printing head are
represented by ribbon areas 68 and 69, ribbon areas 68 would
be used in printing one region (for example region 62) and
ribbon areas 69 would be used in printing the adjacent region
(region 63). In this manner, providing the spacing between
adjacent pixels on the print head is small enough to enable an
image of reasonable quality to be printed using only alternate
pixels, twice the number of images can be generated from a
ribbon than would be the case if all the pixel elements were
used for printing purposes in a single image and there was no
overlap between printing regions. In addition however the
distance that the ribbon must be advanced between printing
phases in successive printing cycles is reduced by half. This is
advantageous as in some applications this enables faster
machine operation.

To illustrate this advantage, FIG. 15 shows conventional
printing onto a substrate with no overlap between successive
cycles whereas FIG. 16 illustrates the same operation relying
upon such overlap.

Referring to FIG. 15, a substrate 70 is shown on which
successive images 71 and 72 have been printed. Shown
beneath the substrate is a print ribbon 73 on which areas 74
and 75 have been used to produce the images 71 and 72. The
ribbon transport length is indicated by the arrow 76 and is
equal to twice the length of a single image.
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Referring to FIG. 16, this shows how overlapping printing
can both reduce ribbon usage and reduce the distance of
ribbon transport between successive printing phases. It will
be seen that each of the areas 74 and 75 in FIG. 16 is only half
the length of the corresponding areas in FIG. 15 and the
ribbon transport distance is therefore halved. In some appli-
cations, where rapid ribbon transport is required, halving the
distance that ribbon must be transported between successive
printing phases can significantly improve the ability of the
device to operate at high speed. It will also be appreciated that
more than two groups of printing elements may be used so
that in the case of for example three groups the length of
required ribbon transport would be only one third of the
image length. Thus there would be a trade off between printer
ribbon transport length and image quality but this aspect of
the exemplary embodiment does give the operator of such
equipment increased flexibility which in some applications
will be of real economic significance.

The advantages described with references to FIGS. 13 to
16 can only be achieved if the print ribbon can be positioned
relative to the substrate and the print head with great accuracy.
The conventional approach to achieving accurate control of
tape acceleration, deceleration, speed and position has relied
upon a capstan roller positioned between feed and supply
spools, but the exemplary embodiment relies upon a com-
pletely different approach, that is the accurate control of the
drive applied to the stepper motors 14 and 15 (FIG. 1) which
drive the ribbon spools. The stepper motors operate in push-
pull bi-directional mode, that is if the tape is traveling in one
direction between the spools both stepper motors are driven in
that direction, and conversely when the ribbon is being driven
in the opposite direction both stepper motors are driven in that
opposite direction. Coordination of the drive to the two step-
per motors requires knowledge of the diameters of the spools
and this is achieved using the light emitting devices 28 and 29
and the light detecting device 37 as shown in for example FIG.
2.

FIG. 17 illustrates how the light emitting devices 28 and 29
and the detector 37 are used to determine the spool diameters.
The detector 37 is mounted on the print head carriage 36 and
is displaceable between the position indicated by line 764 and
the position indicated by line 77. As the detector 37 is moved
to the right in FIG. 17 from the position indicated by line 76,
initially emitter 28 is energized. Initially the detector 37 is in
the shadow cast by spool 7, but as soon as the detector 37
crosses the plane indicated by line 78a an output will be
generated. That output will disappear as the detector 37
crosses the plane indicated by line 785. The detector 37 is then
advanced to the position indicated by line 77 and then
returned after the emitter 28 has been de-energized and the
emitter 29 has been energized. Initially the detector 37 will be
in the shadow of spool 11 but will generate an output as soon
as it reaches the plane indicated by the line 79a. That output
will disappear as the detector 37 crosses the plane indicated
by the line 7954. The positions relative to the detector displace-
ment at which the detector 37 intersects the planes 78a, 785,
79a and 795 can thus be determined. The dimension A, that is
the distance between the rotation axes of the two spools, is
known. The perpendicular distance B between the track fol-
lowed by the detector 37 and the plane in which the emitters
28 and 29 are located is known, as is the perpendicular dis-
tance C from the axes of the shafts 2 and 3 to the track
followed by the detector 37. From these dimensions the diam-
eters D1 and D2 of spools 7 and 11 can be derived using
simple trigonometry.

Two emitters 28, 29 are used to ensure that for any one
spool the detector 37 can “see” the shadow cast by at least one
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of the emitters regardless of spool diameter size. It will be
appreciated however that other dispositions of one or more
emitters and one or more detectors could be envisaged.

It will be appreciated that the calculation of the spool
diameters would be somewhat simpler if the planes 78a, 785,
79a and 795 were perpendicular to the direction of displace-
ment of the detector 37. This can be achieved by for example
replacing the emitters 28 and 29 with a mirror extending
parallel to the direction of displacement of the print head
carrier 36 and arranging both a transmitter and a detector on
the print head carriage 36, the detector detecting light only
when both it and the emitter are on a plane perpendicular to
the mirror. Although such an arrangement is simple in terms
of the required trigonometry it has disadvantages in that a
failure of either the transmitter or detector could be inter-
preted as the detector being in the shadow of one of the spools.

Given knowledge of the spool diameters, the spools can be
driven in push-pull mode so as to achieve high rates of accel-
eration and deceleration by appropriate control of the speeds
of rotation of the two stepper motors. Tension in the ribbon
between the two spools must however be closely controlled to
avoid the tension becoming too high (resulting in over tight-
ening of the ribbon on the spools or even ribbon breakage) or
the tension becoming too low (resulting in loss of positional
control as a result of the ribbon becoming slack). To avoid this
occurring, changes in spool diameters over time are moni-
tored by reference to the stepper motors and tension in the
ribbon is directly monitored by reference to the current drawn
by the stepper motors.

In one embodiment, when a fresh cassette is fitted onto an
apparatus such as that described with reference to FIGS. 1 to
10, one of the cassette shafts will support an almost empty
spool (the take-up spool) and the other will support an almost
full spool (the supply spool). The stepper motor associated
with the take-up spool will be referred to below as the take-up
motor and the other stepper motor will be referred to as the
supply motor.

Initially the take-up motor is energized to remove any slack
from the length of ribbon extending between the two spools.
A print head scan is then conducted with the optical system
described with reference to FIG. 17 to obtain an initial esti-
mate of the diameters of the spools. The supply motor is then
energized in order to tension the ribbon extending around the
supply spool. The take-up motor is then driven so as to draw
ribbon from the supply spool, the supply spool being de-
energized. The number of steps taken by the motor driving the
take-up spool is monitored. The other motor is not stopped,
but generates a back-emf resulting in the generation of pulses
that are counted. After a few turns of the spools the number of
steps taken by the take-up motor and the number of pulses
generated by the supply spool motor are counted and the
counted numbers are used to establish the ratio between the
two diameters. The ribbon is then brought to a controlled halt.
Both motors are decelerated in a controlled manner to avoid
overrun. Thus the supply spool motor is driven by pulses to
cause deceleration. The application of deceleration pulses to
the supply spool motor in synchronism with motor rotation is
achieved by monitoring the back-emf generated in one wind-
ing of that motor, and then energizing that winding at an
appropriate time to apply a decelerating torque. A number of
rotations of the take-up spool are required to minimize the
chance of any tails of ribbon extending from the spools
obstructing the optical paths of the scanning arrangement as
illustrated in FIG. 17. A further optical scan is then performed
in both directions to determine the radius of the take-up spool
while that spool is stationary. An optical scan is then repeated
as the spool is rotated in 30° increments around the stepper
motor shaft by stepping the motor by the appropriate number
of'steps, that number being a constant. This builds up a map of
the dimensions of the spool (which may not be perfectly
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circular) and this map is used to calculate the average radius
for each spool for the arc that each will rotate in each ribbon
feed and further use these radii to calculate variations in
diameter around the spool axes. This makes it possible to
accurately determine the circumference of each spool and the
effect of a predetermined number of steps in advance of the
motor driving that spool. For example the different calculated
radii can be used to calculate the step rate and the number of
steps required by each motor to drive the spools in an appro-
priate manner so as to feed the ribbon a predetermined dis-
tance. These radii and step rates may then be used in tension
monitoring calculations such as those described below.

The same optical scan procedure is then performed in both
directions to measure the radius of the supply spool. This
information is then combined with the previously calculated
ratio of spool diameters to give an accurate set of data related
to the spool diameters and shapes. Ribbon fed from the supply
spool to the take-up spool is then rewound back onto the
supply spool so as to avoid ribbon wastage.

Stepper motors generally comprise two quadrature-wound
coils and current is supplied in a sequence of pulses to one or
both of the coils and in both senses (positive and negative) so
as to achieve step advance of the motor shafts. In order to
achieve a reasonable performance despite the inherent elec-
trical time constant of these coils it is well known to over-
drive stepper motors by applying a voltage that is much larger
than the nominal rating of the motor and to pulse width
modulate this voltage when the desired motor current is
reached. For example, with a 3.6 volt motor capable of taking
say 2 amps, a voltage of 36 volts may be applied. This results
in a very rapid rise in current through the motor, typically in
a few tens of micro seconds. Given such overdriving of the
supply voltage, relatively short periods of supply voltage
application are separated by relatively long periods during
which no supply voltage is applied. As a result current from
the supply to the motors is very far from smooth. In addition,
even when a motor is operating with zero load relating to the
function that it performs (equating to zero tension in the
printer ribbon), the supply current to the motor will be a
function of various factors such as the speed of rotation of the
motor, the particular characteristics of that motor (efficiency
etc.), and the particular characteristics of the motor drive
circuitry (gain and offset variances). It is necessary therefore
to calibrate the motors to take account of current variation
related to these factors rather than motor load.

The motors are calibrated by driving each of them in zero-
load conditions at each of a series of different speeds, for
example at speeds corresponding to 125 steps per second, 250
steps per second, 375 steps per second and so on in incre-
ments of 125 steps per second up to 5000 steps per second.
This will generally cover the range of ribbon speeds required
for ribbon advancement, that range generally being from 100
mm per second to 600 mm per second ribbon transport speed.
This process is repeated a number of times, for example
twenty times, and the average result is used to calculate a
motor calibration factor x for each step rate, and for each
motor. The following relationship is used:

x=N/V

Where:

x is the calibration factor for the motor at the given step
rate.

V is the average measured motor operation value at the
given step rate.

N is a constant normalization or scaling factor.

From the above for each motor a series of values X is
calculated for each of the predetermined step rates. When the
apparatus is in use, for a given step rate one of the values x is
selected for use in the calculation of ribbon tension, or a value
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for x is calculated for the given step rate by interpolation from
the two values of x for the predetermined step rates closest to
the given rate.

FIG. 18 illustrates the calculation of the values V both
during motor calibration and in subsequent ribbon tension
control. Referring to FIG. 18, a regulated power supply 80
energizes a first motor drive circuit 81 (MDC) and a second
motor drive circuit 82 (MDC). Current from the supply 80 to
the motor drive circuit 81 is delivered through a low resistance
resistor 83, the potential developed across the resistor 83
being applied to a level translator 84 (LT). Similarly, current
to the motor drive 82 is delivered through a low resistance
value resistor 85 and the voltage developed across that resis-
tor is applied to a level translator 86 (LT). The outputs of the
level translators 84 and 86 are applied to analog to digital
converters 87 and 88 (ADCs) the outputs of which are applied
to a microcontroller 89. The microcontroller delivers a pulsed
output 90 to the first motor drive 81 and a pulsed output 91 to
the second motor drive 82. The motor drives energize stepper
motors schematically represented by cylinders 92 and 93
which drive respective spools 94 and 95.

During motor calibration, no spools are mounted on the
outputs of the stepper motors 92 and 93. For a given step rate
for each motor the outputs of the ADCs 87 and 88 are
recorded such that x and V for each motor at each of the
preselected step rates is known. Those values are then used as
described below to enable direct monitoring of ribbon tension
in the ribbon between the spools 94 and 95, these spools
having been mounted on the output shafts of the stepper
motors 92 and 93.

The formulas used for tension calculation are as follows,
assuming that motor 92 is pulling and motor 93 is pushing:

Vix =(N+r i )f(T) (6]

Voxy=(N=ro15)f (T)

Where:

V, is the output of ADC 88 given a selected constant
step-rate ribbon feed

V, is the output of ADC 87 during ribbon feed

r, is the radius of the spool 94

1, is the radius of the spool 95

X, is the calibration factor for motor 92 for the selected
constant step rate

X, is the calibration factor for motor 93 for the step rate of
motor 93

N is the scaling factor used during motor calibration

tis the ribbon tension

f(T) is a temperature-related function

Temperature variations which will affect the measured val-
ues V, and V, will generally affect both motors to the same
extent. Therefore by dividing equation (1) by equation (2) the
functions f(T) will cancel out. The equation can therefore be
resolved to derive a measure of tension t as follows:

@

=NV /52)-Vo/x )V (Vo 14V 172) 3

Thus for any given step rate for the motors, the appropriate
calibration factors x,, X, can be looked up and used to derive
ameasure of the ribbon tension t. If the derived value of tis too
high (above a predetermined limit), then a small step adjust-
ment can be made to either or both of the motors to add a short
section of ribbon to the length of ribbon between the spools.
If the derived value of t is too low (below a different prede-
termined limit), then a short section of ribbon can be removed
from the length of ribbon between the spools. The control
algorithms used to determine the correction amounts of rib-
bon added to or removed from the length of ribbon between
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the spools may be of conventional form, for example the
algorithms known as proportional integral derivative control
algorithms (PID control). The algorithms make it possible to
compare the measured tension t with predetermined upper
and lower limits (the so-called deadband) and, if the mea-
sured tension is outside these limits, the difference between
the measured tension t and a “nominal demand” tension
which is set at a level between the upper and lower limits may
be calculated, the result of that calculation being regarded as
an error “signal”. This error “signal” is then mathematically
processed through the PID algorithms, which include a pro-
portional gain constant, as well as integral and derivative
factors. The mathematical processing results in a “correction”
amount of ribbon that needs to be added to or removed from
the ribbon path between the spools during the next ribbon
feed. This addition or removal of ribbon maintains ribbon
tension within acceptable limits.

In greater detail, the correction value may be calculated by
calculating the error (the difference between the nominal
tension and the measured tension) and dividing the error by a
gain factor which depends upon the ribbon width. The greater
the gain factor the tighter the system will be as the nominal
tension will be increased. The gain factor is also dependent
upon the ribbon width as the gain constants are changed to
take account of different ribbon widths. This is because a
tension which might cause considerable stretch in a narrow
ribbon would cause minimal stretch in a wide ribbon and
therefore the effects of adding or removing ribbon from the
length of ribbon between the spools is radically affected by
ribbon stiffness. Successive cycles may adjust the gain factor
from a value nominally of 100 (tight) to a value of nominally
80 (slack). For every consecutive tight or slack reading after
a first reading, an extra 0.1 mm correction can be added. An
error accumulator is also maintained, and if the accumulated
corrections (which are negative for tight and positive for
slack) exceed plus or minus 2 mm then an additional 0.1 mm
is added to the correction. These are the two integral compo-
nents which enable the system to operate in a stable manner
and maintain ribbon tension at or close to the nominal tension.

The motor feed system splits the correction evenly between
both motors in order to avoid large gaps between prints or
over-printing on the ribbon. The system does this by calcu-
lating the number of steps that half the correction amounts to
for the stepper motor with the largest real diameter. These
steps are then re-calculated as a distance (relying upon the
known spool diameters) and subtracted from the original
correction amount. The resultant value is then used to calcu-
late the correction for the motor driving the smaller diameter
spool. Because the motor driving the smaller diameter spool
has the smallest step size (when each step is converted to
ribbon length) it can most accurately feed the remaining
distance. Thus the mechanism adjusts the tension by an
amount that is as near as possible to that demanded by the
original correction.

It will be appreciated that if a particularly low tension
reading is calculated by the above method, this can be taken
by the control system as indicating a fault condition, for
example ribbon breakage, or the ribbon becoming so slack
that the system is most unlikely to be able to effect adequate
control. In such circumstances, the control system can output
a “broken ribbon” predetermined low limits, such that when
the measured tension t falls below this limit, the control
system can halt the printing process and assert appropriate
fault outputs and warning messages. Thus the system can
offer valuable “broken ribbon” detection without the need for
additional sensing arrangements.
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FIG. 19 illustrates a circuit for calculating the ratio of the
diameters of the spools 94 and 95 in the circuit of FIG. 18. The
positive supply rail 96 of the power supply 80 (FIG. 18) is
arranged to supply current to four windings 97, 98, 99 and
100. Current is drawn through the windings 97 to 100 by
transistors 101 which are controlled by motor control and
sequencing logic circuits 102. The step rate is controlled by an
input on line 103 and drive is enabled or disabled by an input
on line 104 (high value on line 104 enables, low value dis-
ables). As before, if motor 92 is pulling, the drive circuit 108
for that motor is enabled and therefore the rotation angle for
the spool being driven (94) is known. The drive circuit for the
motor being pulled (93) is disabled (line 104 low). Thus
motor 93 acts as a generator and a back-emf is generated
across each of the motor windings 97 to 100. The components
enclosed in box 108 of FIG. 19 corresponds to one of the
motor drive circuits 81, 82 of FIG. 18. The voltage developed
across the winding 100 is applied to a level translator circuit
105 (LT) the output of which is applied to a zero crossing
detector 106 fed with a voltage reference on its positive input.
The output of the zero crossing detector 106 is a series of
pulses on line 107. Those pulses are delivered to the micro
processor 89 of FIG. 18. By counting these pulses from motor
93 over a known rotation angle of the drive motor 92 the spool
diameter ratio can be calculated.

The method of monitoring ribbon tension as described with
reference to FIG. 18 relies upon sampling current supplied to
the motor drives 81 and 82 by sampling voltages developed
across series resistors 83 and 85. Preferably current is
detected only during periods in which the ribbon has been
advanced at a constant speed. In intermittent printing sys-
tems, current is monitored during the return stroke of the print
head after each printing operation. During print head return,
the ribbon is also displaced. Thus the ribbon must be accel-
erated up to a constant speed, advanced at that constant speed
for period during which the current is monitored, decelerated
and then positioned so as to minimize ribbon wastage. Driv-
ing a ribbon in this manner during intermittent printing opera-
tions is a relatively simply matter as all that is necessary is to
ensure that the necessary motion of the ribbon incorporates a
period of constant speed displacement during which current
can be monitored. In continuous printing apparatus the prob-
lem is different as the ribbon is moving at a rate related to the
substrate speed. Ribbon speeds ofless than 50 mm per second
are difficult to utilize as there is a tendency for the ink to cool
before it can be securely adhered to the substrate, and a wide
range of substrate speeds above 50 mm per second must be
catered for. Nevertheless, in order to save ribbon an amount of
ribbon will always be returned to the supply spool between
successive printing operations. It is necessary to ensure that
the ribbon is returned in a manner such that the ribbon travels
in the return direction for a sufficient period of time at a
constant velocity to enable an accurate measurement of motor
currents. It may be that to achieve this it is necessary for the
ribbon to be “over-returned” so that before the next printing
operation the ribbon has to be advanced to compensate for
this over-return. For both continuous and intermittent print-
ing over-return may be used to ensure that sufficient ribbon is
transported to provide an accurate measurement during the
tension measuring part of each printing cycle.

Preferably the motor currents are sampled over a period of
time corresponding to for example the travel of the ribbon
through a distance of at least 10 nun at a constant velocity. For
example the current could be sampled at regular intervals
with the interval between successive samples corresponding
to for example one quarter of a step of the motor. The samples
are added together and the sum is divided by the number of
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samples taken. This gives an average current which is reason-
ably representative of the power being drawn by the associ-
ated stepper motor.

An analysis of the waveforms of current supplied to stepper
motors in the described embodiment shows that, in addition
to the current fluctuations resulting from the pulse width
modulated nature of motor control, there is a substantial
amount of variation in the waveforms which will mean that
individual samples may not be representative of the power
being drawn by the motors. A more accurate representation of
that power can be obtained if the monitored signals are passed
through a low pass filter (not shown) before being averaged.

FIG. 19 illustrates one approach to the monitoring of
changing spool diameters during ribbon usage. Alternative
approaches are possible however and one such alternative
approach is described with reference to FIG. 20.

Referring to FIG. 20, A, and A, arethe areas of spools 7 and
11 (see FIG. 1) respectively, d is the inner diameter of the
spools and Dr and Ds are the outer diameters of the spools at

any given time. Hence:
A,+A4 ~constant

Q)

A,=(D/2*~(d2) )]

4~DJ2y-[dry
Substituting from (5) and (6) into (4) gives:

6
D2+D=constant=D, *+D, 2 Q)

Where D, and D, are rewind and supply spool diameters
respectively at initial calibration time.

Current diameter ratio R=D,/D,
Therefore rearranging this D,=D,/R
And also D, =RDg

Substituting in (7) gives:

D?=D?/R?
=D + D
=R+ D2 + D%

= Dic(R2+1)

where R is the ratio of rewind to the supply reel diameter
at initial calibration.

Therefore D,2(R>+1)/R>=D, (R 2+1)
and

D2=[R/(R+D][D. (R +1)].

So knowing the initial calibration spool diameters ratio
(R,), supply spool diameters ratio (R,), supply spool diameter
at calibration (D,,) and the current spool diameters ratio (R),
the current diameter of either or both spools D, or D, can be
derived.

In some applications it may be possible only to present a
cassette carrying a substantially empty take-up spool and a
substantially full supply spool of known outside diameter. In
such circumstances it would not be necessary to determine the
initial spool diameters. In general however it is to be preferred
to directly measure the spool diameters as it is likely that
machine operators will at least on occasions use non-standard



US 9,233,553 B2

25

spool configurations (for example ribbon which has been
partially used on an earlier occasion).

As an alternative to the approach described above with
reference to FIG. 18 and equations 1 to 3, it is possible to
derive an approximation of ribbon tension by relying upon the
difference between the currents drawn by the two motors.
This difference current is a function of the magnitude of the
tension in the ribbon between the two motors and may be used
as a control parameter such that for example, when the mag-
nitude of the difference in current falls outside an acceptable
tolerance band, the previously assumed ratio of the spool
outside diameters is adjusted, resulting in a small change in
the speed at which the two motors are driven. This speed
adjustment compensates for the updated spool diameter ratio
value. The “optimum” value of the difference current and its
tolerance band will change as the spool diameters change.
The appropriate value for a particular set of circumstances
may be found from experimentation and stored in an optimum
difference current profile table which can be looked up as
necessary.

No reference has been made in the above description to
ribbon width, that is the dimension perpendicular to the direc-
tion of ribbon advance. It may be appropriate to provide a user
with the option to manually enter a ribbon width value so as to
enable the system to adjust the predetermined tolerance limits
and PID control gain constants referred to above to take
account of tape-width dependent characteristics of the appa-
ratus, e.g. to select different target limits for the measured
tension t (equation 3).

As discussed above, in transfer printers it is necessary to
accurately position the print head relative to the platen which
supports the substrate to be printed if good quality print is to
be produced, particularly at high printing speeds. The
described exemplary embodiment avoids the need to make
these mechanical adjustments to optimize print head angle by
making use of the fact that the print head is mounted on a
displaceable carriage.

FIG. 21 shows the roller platen 30, the print head edge 32
and the peel off roller 33 as shown in FIG. 5. The line 109
represents the adjacent edge of the cover plate 21. The broken
line 110 represents the position of a tangent to the roller platen
30 at the point of closest approach of the print head edge 32 (it
will be appreciated that during printing a substrate and a print
ribbon will be interposed between the edge 32 and the roller
platen 30). The line 111 represents a radius extending from
the rotation axis 112 of the roller platen 30. The line 113
represents a notional line through the axis 112 parallel to the
edge 109. The line 113 represents no more than a datum
direction through the axis 112 from which the angular posi-
tion of the radius 111 corresponding to angle 114 can be
measured.

Angle 115 is the angle of inclination of the print head
relative to the tangent line 110. This angle is critical to the
quality of print produced and will typically be specified by the
manufacturer as having to be within 1 or 2 degrees of a
nominal value such as 30 degrees. Different print heads
exhibit different characteristics however and it is desirable to
be able to make fine adjustments of say a degree or two of the
angle 115.

It will be appreciated that the angle 115 is dependent firstly
upon the positioning of the print head on its support structure
and secondly by the position of the tangent line 110. If the
print head was to be moved to the right in FIG. 21, the angular
position of the print head relative to the rotation axis of the
roller will change. That angular position is represented by the
magnitude of the angle 114. As angle 114 increases, angle 115
decreases. Similarly, if the print head shown in FIG. 21 was to
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be moved to the left, the angle 114 representing the angular
position of the print head relative to the rotation axis of the
roller would decrease and the angle 115 would increase. This
relationship makes it possible for an installer to make adjust-
ments to the print head angle simply by adjusting the position
adopted by the carriage 36 on the track 22 (see FIG. 2) during
printing. Thus an installer would initially position the print
head so that it would assume a nominal position in which the
angle 114 would be approximately 90 degrees. A test print run
would then be used to assess print quality, the print head
would be displaced relative to the track, a fresh print run
would be conducted, and so on until the resultant print quality
was optimized. There is no requirement for the installer to
make mechanical adjustments to the position of the print head
on its support.

The printing methods described with reference to FIGS. 13
to 16 make it possible to increase printing speed by reducing
the distance that the printer ribbon has to be advanced
between successive printing phases in successive printing
cycles. FIG. 22 illustrates the appearance of a printed sub-
strate at the left hand side, and the appearance of an associated
printer ribbon after first, second, third and fourth printing
operations respectively. It will be seen that alternate images
are made up of slightly offset printed lines, that offset making
it possible for the printer head to traverse the printer ribbon as
described with reference to FIGS. 13 and 16 such that suc-
cessive images are generated in part from overlapping por-
tions of the printer ribbon. The speed of advance ofthe printer
ribbon for a given substrate speed and image reproduction
rate can be doubled. In this context, the term “printing cycle”
isused to refer to a full cycle of activity which is performed in
the interval between a printer head being first pressed into
contact with a printer ribbon so as to transfer ink from that
ribbon to start the formation of a first image until the print
head is again brought into contact with the printer ribbon so as
to initiate the transfer of ink which will form a second image.
If the printing cycle relates to a continuous printing machine,
a full printing cycle includes an initial printing phase in which
the print head is stationary and the printer ribbon is trans-
ported with the substrate to be printed past the print head, and
a subsequent non-printing phase during which the substrate
continues to be transported past the printing head, the print
head is retracted from contact with the print ribbon, the direc-
tion of transport of the print ribbon is reversed, and then the
print ribbon is again fed forward until it is traveling in the
direction of the substrate, whereafter the printing phase of the
next printing cycle is initiated. In an intermittent printer, the
printing cycle is initiated with the substrate and ribbon sta-
tionary (unless the system is relying upon slip printing), the
print head is advanced across the ribbon and substrate during
a printing phase of the cycle, the print head is then retracted
from the print tape and returned to its initial position, and the
substrate and printer ribbon are advanced in readiness for the
initiation of the next print cycle.

Thus, during the printing phase of each printing cycle, the
print head traverses a predetermined length of ribbon either as
a result of displacement of the print head relative to a station-
ary or slower moving print ribbon, or as a result of displace-
ment of the print ribbon relative to the print head. Thereafter
the print ribbon is advanced a predetermined distance. The
magnitude of that predetermined distance of ribbon advance
is in many applications a limiting factor on the maximum
speed of the overall apparatus. In known printers the prede-
termined distance of ribbon advance is generally at least as
long as the predetermined length of ribbon which is traversed
by the print head. The described apparatus makes it possible
to operate in a manner in which the predetermined distance of
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ribbon advance is less than the predetermined length of rib-
bon traversed by the print head.

Referring to FIG. 22, the left hand side of the Figure shows
four successive images deposited on a substrate, each image
being the same. The right hand section of FIG. 22 shows the
original image which has to be reproduced on the substrate.
The four intervening sections illustrate the appearance of the
print ribbon after the printing of the four images shown on the
left hand side of FIG. 2. Assuming operation in intermittent
printing mode, the substrate is advanced by an equal distance
between each of the successive printing cycles. The substrate
is stationary during each printing cycle, as is the ribbon. Each
printing cycle includes an initial printing phase during which
the print head is swept across the print ribbon so as to traverse
alength of the ribbon corresponding to the length of the image
formed on the substrate, followed by a further phase in which
the print head is returned to its original position and the ribbon
is advanced a distance corresponding to half the length of the
ribbon which is swept by the print head during the printing
phase. During that first printing phase, only half of the print-
ing elements supported by the print head are energized, and
thus the image deposited on the substrate is in the form of a
series of parallel lines. During the next printing phase, the
print head is again swept across the tape through a distance
corresponding to the length of the image, but during that
motion printing elements of the print head are energized
which contact different parts of the tape from those contacted
by energized printing elements during the first printing cycle.
Atthe end of the second printing cycle, the print head is again
returned to its initial position and the ribbon is advanced by
half'the length of the image formed on the substrate. Counting
from the left in FIG. 22, the second, third, fourth and fifth
sections of this Figure show the appearance of the print ribbon
after each of the first, second, third and fourth print cycles
have been completed. It will be noted that all of the images
formed on the substrate are substantially the same, the only
difference between successive images on the substrate being
that one is made up oflines off set relative to lines forming the
adjacent image.

The output represented in FIG. 22 is produced using a print
head in which the print elements are arranged in a linear array
with the odd numbered printing elements in the array being
allocated to one group and the even numbered print elements
in the array being allocated to the other group. This makes it
possible to alternate between the groups so that the distance
advanced by the ribbon during each printing cycle is only half
of'the length of ribbon from which ink is released during each
cycle. It will be appreciated that the printing elements could
be arranged in three, four or more groups, the groups being
energized in a predetermined cycle such that for example in
the case of a three group arrangement the distance advanced
by the ribbon in each printing cycle could be only one third of
the length of printer ribbon swept by the print head in any one
cycle.

Although this aspect of the exemplary embodiment has
been described in detail in the context of intermittent printing,
it will be appreciated that the same technique could be applied
to a continuous printing apparatus in which relative move-
ment between the printing ribbon and the print head is the
result of transport of the ribbon past a stationary head rather
than transport of a print head relative to a stationary ribbon.

What is claimed is:

1. A thermal transfer printer for selectively transferring a
meltable ink material carried on a tape to a substrate intended
to receive ink for printing an image on the substrate, the
printer comprising:
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two spool supports on which two spools of tape carrying

meltable ink material may be mounted for rotation, with
the tape being wound on the spools and with a span of
tape being held in tension between the spools, with a
region of unused tape to be made available for each
image to be printed on the substrate;

a print head positioned adjacent to the span of tape between

the spools comprising a plurality of heating elements
selectively energizable to transfer the meltable ink mate-
rial on the span of tape extending between the spools to
the substrate when the heating elements are energized
and are in contact with the tape, with the tape in contact
with the substrate;

a print head drive configured to selectively move the print

head between an extended position adjacent the span of
tape to transfer ink on the tape to the substrate to print an
image and a retracted position spaced apart from the
span of tape during each time period between each suc-
cessive printing of adjacent images on the substrate for
enabling transport of the tape and movement of the
substrate relative to the print head to present the region
of unused tape at the print head for printing a next image
on the substrate, and for enabling transport of the tape
independently of movement of the substrate so that the
tape may be transported a distance different from a dis-
tance the substrate is to be moved for receiving the next
image to be printed;

a monitor configured to monitor a parameter indicative of

a diameter of at least one of the spools of tape;

a tape drive comprising two electrically energizable spool

drives, one for each tape spool support, with one of the
spool drives constituting a position-controlled spool
drive configured to be selectively operable when ener-
gized to rotate in either direction of rotation to rotate its
respective spool of tape one or more angular steps to a
commanded angular position and being selectively oper-
able when energized to hold its respective spool of tape
at the commanded angular position against tension in the
tape extending between the spools;

the position-controlled spool drive being coupled to its

respective tape spool support by a respective drive cou-
pling providing a fixed transmission ratio between
rotary motion of the spool drive and rotary motion of the
respective spool support; the tape drive further compris-
ing a spool drive controller operatively associated with
the position-controlled spool drive and configured to
control energization of the position-controlled spool
drive to rotate its respective spool of tape one or more
angular steps in a tape transport direction for supplying
tape in the tape transport direction past the print head or
for taking up tape for transporting tape in the tape trans-
port direction between the spools of tape;

the spool drive controller further being configured to con-

trol energization of the position-controlled spool drive to
rotate its respective spool of tape one or more angular
steps in the tape transport direction to a commanded
angular position based at least in part on the parameter
indicative of spool diameter for transport of the tape a
predetermined distance in the tape transport direction
between the spools of tape and relative to the print head
to position the region of unused tape, from which melt-
able ink material is to be transferred and that is adjacent
to a region of used tape from which at least some of the
meltable ink material has been previously transferred, at
the print head for enabling the print head to transfer at
least some of the meltable ink material from the region
of unused tape to the substrate;
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the spool drive controller further being configured to con-
trol energization of the position-controlled spool drive to
rotate its respective spool of tape one or more angular
steps in the tape transport direction when the print head
is in a retracted position for transport of the tape relative
to the print head to present the region of unused tape at
the print head for printing the next image on the substrate
and independently of movement of the substrate so that
the tape may be transported a distance different from a
distance the substrate is to be moved for receiving the
next image to be printed; and

aprinthead controller operatively associated with the heat-

ing elements and configured to control energization of
the heating elements on the print head to be heated in a
predetermined sequence for transferring meltable ink
material from the region of unused tape to the substrate
for printing an image onto the substrate.

2. The thermal transfer printer of claim 1 wherein the
position-controlled spool drive is operatively associated with
the spool of tape supplying tape when tape is being trans-
ported in the tape transport direction.

3. The thermal transfer printer of claim 1 wherein the
position-controlled spool drive is operatively associated with
the spool of tape taking up tape when tape is being transported
in the tape transport direction.

4. The thermal transfer printer of claim 1 wherein the
monitor comprises an optical sensor configured to detect an
outer periphery of tape wound on at least one of the spools of
tape.

5. The thermal transfer printer of claim 1 wherein adjacent
regions of used and unused tape do not overlap in a direction
along a longitudinal axis of the tape.

6. The thermal transfer printer of claim 1 wherein the spool
drive controller is further configured to control energization
of the position-controlled spool drive to hold the tape gener-
ally stationary between the spools of tape when the print head
is transferring meltable ink material from the region of
unused tape to the substrate for printing an image onto the
substrate for an intermittent printing mode of operation of the
printer.

7. The thermal transfer printer of claim 1 wherein the drive
coupling comprises a direct drive mechanical connection
between the position-controlled spool drive and its respective
tape spool support, with the position-controlled spool drive
comprising a rotor rotatable about a longitudinal axis of rota-
tion and the respective tape spool support being rotatable
about said axis of rotation of the spool drive.

8. The thermal transfer printer of claim 1 wherein the spool
drive controller and the print head controller together consti-
tute a single integrated controller.

9. The thermal transfer printer of claim 1 wherein the spool
drive controller is configured for transport of the tape the
predetermined distance such that a length of tape extending
between adjacent regions of tape does not exceed a predeter-
mined value.

10. The thermal transfer printer of claim 9 wherein the
spool drive controller is further configured to control energi-
zation of the position-controlled spool drive so that the posi-
tion-controlled spool drive may set the length of tape extend-
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ing between adjacent regions of used and unused tape so as to
differ from the distance the substrate is to be moved for the
next image to be printed on the substrate.

11. The thermal transfer printer of claim 1 wherein adja-
cent regions of used and unused tape at least partially overlap
in a direction along a longitudinal axis of the tape.

12. The thermal transfer printer of claim 11 wherein in an
area of overlap between regions of used and unused tape,
alternating portions of used tape are spaced apart from each
other and define alternating portions of unused tape available
for use for printing the next image.

13. The thermal transfer printer of claim 1 wherein the
spool drive controller is further configured to control energi-
zation of the position-controlled spool drive for transport of
the tape along with and generally at the same speed as the
movement of the substrate past the print head when the print
head is transferring meltable ink material from the region of
unused tape to the substrate for printing an image onto the
substrate for a continuous printing mode of operation of the
printer.

14. The thermal transfer printer of claim 13 wherein the
spool drive controller is further configured to control energi-
zation of the position-controlled spool drive to rotate one or
more angular steps for transport of the tape in the direction
opposite to the tape transport direction during each time
period between each successive printing of consecutive
images on the substrate and to control energization of the
position-controlled spool drive to then rotate one or more
angular steps for transport of the tape in the tape transport
direction.

15. The thermal transfer printer of claim 1 wherein each of
said spool drives comprises a motor.

16. The thermal transfer printer of claim 15 wherein the
position-controlled spool drive further comprises a motor
drive circuit in communication with the spool drive control-
ler.

17. The thermal transfer printer of claim 15 wherein the
motor of the position-controlled spool drive comprises a posi-
tion-controlled motor.

18. The thermal transfer printer of claim 17 wherein the
position-controlled motor comprises an open loop position-
controlled motor.

19. The thermal transfer printer of claim 17 wherein the
position-controlled motor comprises a stepper motor.

20. The thermal transfer printer of claim 15 wherein each of
the spool drives comprise a stepper motor.

21. The thermal transfer printer of claim 15 wherein the
spool drive controller comprises a motor controller.

22. The thermal transfer printer of claim 21 wherein the
spool drive controller is further configured to control de-
energization of one of the motors and to count back EMF
pulses generated by said de-energized motor when rotated by
rotation of the other motor and its respective spool of tape
through one or more angular steps and movement of the tape
between the spools, with a ratio of the back EMF pulses of
said one of the motors to the one or more angular steps of the
other motor constituting a parameter indicative of spool
diameter.



